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(57) ABSTRACT

The present disclosure describes a method of reducing liver
volume in a cirrhotic or non-cirrhotic subject, the method
comprising administering resmetirom, a prodrug thereof, or
a pharmaceutically acceptable salt of the resmetirom or the
resmetirom prodrug. The present disclosure also describes a
method of treating NASH in a cirrhotic subject in need
thereof, the method comprising administering to the subject
resmetirom, a prodrug thereof, or a pharmaceutically accept-
able salt of the resmetirom or the resmetirom prodrug.
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RESMETIROM FOR REDUCING LIVER
VOLUME

RELATED APPLICATION

[0001] This application claims priority to and the benefit
of U.S. Provisional Application No. 63/248,634, filed on
Sep. 27, 2021, the contents of which are incorporated herein
by reference.

BACKGROUND

[0002] Thyroid hormones are critical for normal growth
and development and for maintaining metabolic homeosta-
sis. Circulating levels of thyroid hormones are tightly regu-
lated by feedback mechanisms in the hypothalamus/pitu-
itary/thyroid (HPT) axis. Thyroid dysfunction leading to
hypothyroidism or hyperthyroidism clearly demonstrates
that thyroid hormones exert profound effects on cardiac
function, body weight, metabolism, metabolic rate, body
temperature, cholesterol, bone, muscle, and behavior.
[0003] The development of thyroid hormone analogs
which avoid the undesirable effects of hyperthyroidism and
hypothyroidism while maintaining the beneficial effects of
thyroid hormones would open new avenues of treatment for
patients with metabolic disease such as obesity, hyperlipi-
demia, hypercholesterolemia, diabetes and other disorders
and diseases such as liver steatosis and non-alcoholic ste-
atohepatitis (NASH), atherosclerosis, cardiovascular dis-
eases, hypothyroidism, thyroid cancer, thyroid diseases,
resistance to thyroid hormone and related disorders and
diseases.

[0004] Subjects with NASH may also experience elevated
liver volumes, which can be attributed to increased liver fat
and fluid retention due to inflammatory processes in NASH.
As NASH progresses to cirrhosis, liver fat decreases as the
liver becomes increasingly fibrotic. Liver volume remains
elevated in cirrhotic subjects due to ongoing inflammation
and venous congestion associated with portal hypertension.
Reducing liver volume in cirrhotic subjects is important for
maintaining perfusion of the diseased liver and reversing
disease progression. Liver volume reduction in NASH and
cirrhosis is associated with histopathologic improvement of
the liver.

[0005] Obesity is a common characteristic of both NASH
and cirrhosis, due to insufficient weight loss through diet and
lifestyle modifications, this patient population is often pre-
scribed interventional surgical procedures (e.g. bariatric
surgery). Liver volume reduction immediately prior to sur-
gery is aggressively pursued to improve surgical access to
the stomach.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] The above and further features will be more clearly
appreciated from the following detailed description when
taken in conjunction with the accompanying drawings.
[0007] FIG. 1 is a graph showing the correlation of liver
volume reduction and proton density fat fraction (PDFF)
reduction in placebo and resmetirom treated patients at 12
weeks. “PBO” represents placebo patients and “RES” rep-
resents resmetirom-treated patients.

[0008] FIG. 2 is a graph showing change in MRI-PDFF in
several subgroups of patients treated with 100 mg resme-
tirom, once daily, for 52 weeks. “High SHBG” corresponds
with 2/3 study patients with the highest increase from
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baseline in sex hormone binding globulin (SHBG), a bio-
marker for resmetirom liver exposure.

[0009] FIG. 3 is a graph showing change in liver volume
in several subgroups of patients treated with 100 mg res-
metirom, once daily, for 52 weeks. “High SHBG” corre-
sponds with 2/3 study patients with the highest increase
from baseline in SHBG, a biomarker for resmetirom liver
exposure.

[0010] FIG. 4 is a graph showing resmetirom-mediated
changes to the MRI-PDFF and liver volume (LV) at week
52.

[0011] FIG. 5 is a graph showing percentage of patients at
week 52 with 210% reduction or 210% increase in spleen
volume (SV).

[0012] FIG. 6 is a graph showing the correlation between
52 week liver volume change and spleen volume change in
patients who entered the study with baseline PDFF <8%.

SUMMARY

[0013] In some aspects, the present disclosure provides a
method of reducing liver volume in a subject, the method
comprising administering to the subject resmetirom, a prod-
rug thereof, or a pharmaceutically acceptable salt of the
resmetirom or the resmetirom prodrug (e.g., in a therapeu-
tically effective amount).

[0014] In some aspects, the present disclosure provides
resmetirom, a prodrug thereof, or a pharmaceutically accept-
able salt of the resmetirom or the resmetirom prodrug for use
for reducing liver volume in a subject.

[0015] In some aspects, the present disclosure provides
use of resmetirom, a prodrug thereof, or a pharmaceutically
acceptable salt of the resmetirom or the resmetirom prodrug
in the manufacture of a medicament for reducing liver
volume in a subject.

[0016] In some aspects, the present disclosure provides a
method of treating or preventing a disease, disorder, or
condition in a subject, comprising administering to the
subject resmetirom, a prodrug thereof, or a pharmaceutically
acceptable salt of the resmetirom or the resmetirom prodrug
(e.g., in a therapeutically effective amount).

[0017] In some aspects, the present disclosure provides
resmetirom, a prodrug thereof, or a pharmaceutically accept-
able salt of the resmetirom or the resmetirom prodrug for use
in treating or preventing a disease, disorder, or condition in
a subject.

[0018] In some aspects, the present disclosure provides
use of resmetirom, a prodrug thereof, or a pharmaceutically
acceptable salt of the resmetirom or the resmetirom prodrug
in the manufacture of a medicament for treating or prevent-
ing a disease, disorder, or condition in a subject.

[0019] In some embodiments, the disease, disorder, or
condition is obesity, hyperlipidemia, hypercholesterolemia,
diabetes, non-alcoholic steatohepatitis (NASH), fatty liver,
bone disease, thyroid axis alteration, atherosclerosis, cardio-
vascular disorder, tachycardia, hyperkinetic behavior, hypo-
thyroidism, goiter, attention deficit hyperactivity disorder,
learning disabilities, mental retardation, hearing loss,
delayed bone age, neurologic or psychiatric disease or
thyroid cancer.

[0020] In some aspects, the present disclosure provides a
method of treating or preventing NASH (e.g., cirrhotic
NASH) in a subject, the method comprising administering to
the subject resmetirom, a prodrug thereof, or a pharmaceu-
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tically acceptable salt of the resmetirom or the resmetirom
prodrug (e.g., in a therapeutically effective amount).
[0021] In some aspects, the present disclosure provides
resmetirom, a prodrug thereof, or a pharmaceutically accept-
able salt of the resmetirom or the resmetirom prodrug for use
in treating or preventing NASH (e.g., cirthotic NASH) in a
subject.

[0022] In some aspects, the present disclosure provides
use of resmetirom, a prodrug thereof, or a pharmaceutically
acceptable salt of the resmetirom or the resmetirom prodrug
in the manufacture of a medicament for treating or prevent-
ing NASH (e.g., cirrhotic NASH) in a subject.

[0023] In some aspects, the present disclosure provides a
method of treating or preventing portal hypertension in a
subject, the method comprising administering to the subject
resmetirom, a prodrug thereof, or a pharmaceutically accept-
able salt of the resmetirom or the resmetirom prodrug (e.g.,
in a therapeutically effective amount).

[0024] In some aspects, the present disclosure provides
resmetirom, a prodrug thereof, or a pharmaceutically accept-
able salt of the resmetirom or the resmetirom prodrug for use
in treating or preventing portal hypertension in a subject.
[0025] In some aspects, the present disclosure provides
use of resmetirom, a prodrug thereof, or a pharmaceutically
acceptable salt of the resmetirom or the resmetirom prodrug
in the manufacture of a medicament for treating or prevent-
ing portal hypertension in a subject.

[0026] In some aspects, the present disclosure provides a
method of conditioning a subject having a disease, disorder,
or condition for a surgery (e.g., bariatric surgery), compris-
ing administering to the subject resmetirom, a prodrug
thereof, or a pharmaceutically acceptable salt of the resme-
tirom or the resmetirom prodrug (e.g., in a therapeutically
effective amount).

[0027] In some aspects, the present disclosure provides
resmetirom, a prodrug thereof, or a pharmaceutically accept-
able salt of the resmetirom or the resmetirom prodrug for use
in conditioning a subject having a disease, disorder, or
condition for a surgery (e.g., bariatric surgery).

[0028] In some aspects, the present disclosure provides
use of resmetirom, a prodrug thereof, or a pharmaceutically
acceptable salt of the resmetirom or the resmetirom prodrug
in the manufacture of a medicament for conditioning a
subject having a disease, disorder, or condition for a surgery
(e.g., bariatric surgery).

DETAILED DESCRIPTION

Methods and Uses of Resmetirom

[0029] In some aspects, the present disclosure provides a
method of reducing liver volume in a subject, the method
comprising administering to the subject resmetirom, a prod-
rug thereof, or a pharmaceutically acceptable salt of the
resmetirom or the resmetirom prodrug (e.g., in a therapeu-
tically effective amount).

[0030] In some aspects, the present disclosure provides
resmetirom, a prodrug thereof, or a pharmaceutically accept-
able salt of the resmetirom or the resmetirom prodrug for use
for reducing liver volume in a subject.

[0031] In some aspects, the present disclosure provides
use of resmetirom, a prodrug thereof, or a pharmaceutically
acceptable salt of the resmetirom or the resmetirom prodrug
in the manufacture of a medicament for reducing liver
volume in a subject.
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[0032] In some aspects, the present disclosure provides a
method of treating or preventing a disease, disorder, or
condition in a subject, comprising administering to the
subject resmetirom, a prodrug thereof, or a pharmaceutically
acceptable salt of the resmetirom or the resmetirom prodrug
(e.g., in a therapeutically effective amount).

[0033] In some aspects, the present disclosure provides
resmetirom, a prodrug thereof, or a pharmaceutically accept-
able salt of the resmetirom or the resmetirom prodrug for use
in treating or preventing a disease, disorder, or condition in
a subject.

[0034] In some aspects, the present disclosure provides
use of resmetirom, a prodrug thereof, or a pharmaceutically
acceptable salt of the resmetirom or the resmetirom prodrug
in the manufacture of a medicament for treating or prevent-
ing a disease, disorder, or condition in a subject.

[0035] In some embodiments, the disease, disorder, or
condition is obesity, hyperlipidemia, hypercholesterolemia,
diabetes, non-alcoholic steatohepatitis (NASH), fatty liver,
bone disease, thyroid axis alteration, atherosclerosis, cardio-
vascular disorder, tachycardia, hyperkinetic behavior, hypo-
thyroidism, goiter, attention deficit hyperactivity disorder,
learning disabilities, mental retardation, hearing loss,
delayed bone age, neurologic or psychiatric disease or
thyroid cancer.

[0036] In some aspects, the present disclosure provides a
method of treating or preventing NASH (e.g., cirrhotic
NASH) in a subject, the method comprising administering to
the subject resmetirom, a prodrug thereof, or a pharmaceu-
tically acceptable salt of the resmetirom or the resmetirom
prodrug (e.g., in a therapeutically effective amount).
[0037] In some aspects, the present disclosure provides
resmetirom, a prodrug thereof, or a pharmaceutically accept-
able salt of the resmetirom or the resmetirom prodrug for use
in treating or preventing NASH (e.g., cirthotic NASH) in a
subject.

[0038] In some aspects, the present disclosure provides
use of resmetirom, a prodrug thereof, or a pharmaceutically
acceptable salt of the resmetirom or the resmetirom prodrug
in the manufacture of a medicament for treating or prevent-
ing NASH (e.g., cirrhotic NASH) in a subject.

[0039] In some aspects, the present disclosure provides a
method of treating or preventing portal hypertension in a
subject, the method comprising administering to the subject
resmetirom, a prodrug thereof, or a pharmaceutically accept-
able salt of the resmetirom or the resmetirom prodrug (e.g.,
in a therapeutically effective amount).

[0040] In some aspects, the present disclosure provides
resmetirom, a prodrug thereof, or a pharmaceutically accept-
able salt of the resmetirom or the resmetirom prodrug for use
in treating or preventing portal hypertension in a subject.

[0041] In some aspects, the present disclosure provides
use of resmetirom, a prodrug thereof, or a pharmaceutically
acceptable salt of the resmetirom or the resmetirom prodrug
in the manufacture of a medicament for treating or prevent-
ing portal hypertension in a subject.

[0042] In some aspects, the present disclosure provides a
method of conditioning a subject having a disease, disorder,
or condition for a surgery (e.g., bariatric surgery), compris-
ing administering to the subject resmetirom, a prodrug
thereof, or a pharmaceutically acceptable salt of the resme-
tirom or the resmetirom prodrug (e.g., in a therapeutically
effective amount).
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[0043] In some aspects, the present disclosure provides
resmetirom, a prodrug thereof, or a pharmaceutically accept-
able salt of the resmetirom or the resmetirom prodrug for use
in conditioning a subject having a disease, disorder, or
condition for a surgery (e.g., bariatric surgery).

[0044] In some aspects, the present disclosure provides
use of resmetirom, a prodrug thereof, or a pharmaceutically
acceptable salt of the resmetirom or the resmetirom prodrug
in the manufacture of a medicament for conditioning a
subject having a disease, disorder, or condition for a surgery
(e.g., bariatric surgery).

Diseases, Disorders, and Conditions of Subjects

[0045] In some embodiments, the subject is human.
[0046] Insome embodiments, the subject is cirrhotic (e.g.,
the subject has cirrhosis).

[0047] In some embodiments, the subject is non-cirrhotic
(e.g., the subject does not have cirrhosis).

[0048] In some embodiments, the subject has an amount
of liver fat characterized by no more than 5% PDFF.
[0049] In some embodiments, the subject has an amount
of liver fat characterized by more than 5% PDFF.

[0050] In some embodiments, the disease, disorder, or
condition is NASH.

[0051] In some embodiments, the disease, disorder, or
condition is cirrhotic or non-cirrhotic NASH.

[0052] In some embodiments, the disease, disorder, or
condition is cirrhotic NASH (e.g., NASH associated with
cirrhosis).

[0053] In some embodiments, the disease, disorder, or
condition is liver inflammation.

[0054] In some embodiments, the disease, disorder, or
condition is associated with an increased liver volume.
[0055] In some embodiments, the disease, disorder, or
condition is portal hypertension.

[0056] In some embodiments, the subject has a liver
volume being at least about 5% greater, at least about 10%
greater, at least about 20% greater, at least about 30%
greater, at least about 40% greater, at least about 50%
greater, at least about 60% greater, at least about 70%
greater, at least about 80% greater, at least about 90%
greater, at least about 100% greater, at least about 150%
greater, or at least about 200% greater, as compared to a
comparable subject without the disease, disorder, or condi-
tion (e.g., without NASH (e.g., without cirrhotic NASH)).
[0057] In some embodiments, the subject has a liver fat
amount (e.g., as measured by proton density fat fraction
(PDFF)) being at least about 5% greater, at least about 10%
greater, at least about 20% greater, at least about 30%
greater, at least about 40% greater, at least about 50%
greater, at least about 60% greater, at least about 70%
greater, at least about 80% greater, at least about 90%
greater, at least about 100% greater, at least about 150%
greater, or at least about 200% greater, as compared to a
comparable subject without the disease, disorder, or condi-
tion (e.g., without NASH (e.g., without cirrhotic NASH)).
[0058] In some embodiments, the subject has a liver fat
amount (e.g., as measured by proton density fat fraction
(PDFF)) being at most about 200% greater, at most about
150% greater, at most about 100% greater, at most about
90% greater, at most about 80% greater, at most about 70%
greater, at most about 60% greater, at most about 50%
greater, at most about 40% greater, at most about 30%
greater, at most about 20% greater, at most about 10%

Dec. 12,2024

greater, or at most about 5% greater, as compared to a
comparable subject without the disease, disorder, or condi-
tion (e.g., without NASH (e.g., without cirrhotic NASH)).
[0059] In some embodiments, the subject has a liver fat
amount (e.g., as measured by proton density fat fraction
(PDFF)) being about 50% or less, about 40% or less, about
30% or less, about 25% or less, about 20% or less, about
15% or less, about 10% or less, about 5% or less, about 4%
or less, about 3% or less, about 2% or less, or about 1% or
less.

[0060] In some embodiments, the subject has a liver fat
amount (e.g., as measured by proton density fat fraction
(PDFF)) being about 5% or less.

[0061] In some embodiments, the subject has a liver fat
amount (e.g., as measured by proton density fat fraction
(PDFF)) greater than about 5%, greater than about 10%,
greater than about 15%, greater than about 20%, greater than
about 25%, greater than about 30%, greater than about 40%,
greater than about 50%, or greater than about 60%.

[0062] In some embodiments, the subject has a liver fat
amount (e.g., as measured by proton density fat fraction
(PDFF)) being greater than about 5%.

[0063] In some embodiments, the subject has a spleen
volume being at least about 5% greater, at least about 10%
greater, at least about 20% greater, at least about 30%
greater, at least about 40% greater, at least about 50%
greater, at least about 60% greater, at least about 70%
greater, at least about 80% greater, at least about 90%
greater, at least about 100% greater, at least about 150%
greater, or at least about 200% greater, as compared to a
comparable subject without the disease, disorder, or condi-
tion (e.g., without portal hypertension).

Administrations of Resmetirom

[0064] Insome embodiments, the resmetirom, the prodrug
thereof, or the pharmaceutically acceptable salt of the res-
metirom or the resmetirom prodrug is administered to the
subject.

[0065] In some embodiments, a pharmaceutical composi-
tion comprising the resmetirom, the prodrug thereof, or the
pharmaceutically acceptable salt of the resmetirom or the
resmetirom prodrug is administered to the subject.

[0066] Insome embodiments, the resmetirom, the prodrug
thereof, or the pharmaceutically acceptable salt of the res-
metirom or the resmetirom prodrug is administered to the
subject by oral administration.

[0067] Insome embodiments, the resmetirom, the prodrug
thereof, or the pharmaceutically acceptable salt of the res-
metirom or the resmetirom prodrug is administered daily.
[0068] Insome embodiments, the resmetirom, the prodrug
thereof, or the pharmaceutically acceptable salt of the res-
metirom or the resmetirom prodrug is administered once or
twice daily.

[0069] Insome embodiments, the resmetirom, the prodrug
thereof, or the pharmaceutically acceptable salt of the res-
metirom or the resmetirom prodrug is administered once
daily.

[0070] Insome embodiments, the resmetirom, the prodrug
thereof, or the pharmaceutically acceptable salt of the res-
metirom or the resmetirom prodrug is administered to the
subject at a daily dosage of from about 10 to about 250 mg,
from about 20 to about 200 mg, from about 20 to about 150
mg, from about 20 to about 100 mg, from about 50 to about
200 mg, or from about 50 to about 150 mg.
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[0071] Insome embodiments, the resmetirom, the prodrug
thereof, or the pharmaceutically acceptable salt of the res-
metirom or the resmetirom prodrug is administered to the
subject at a daily dosage of about 5 mg, about 10 mg, about
15 mg, about 20 mg, about 25 mg, about 30 mg, about 35
mg, about 40 mg, about 45 mg, about 50 mg, about 60 mg,
about 70 mg, about 80 mg, about 90 mg, about 100 mg,
about 110 mg, about 120 mg, about 130 mg, about 140 mg,
about 150 mg, about 160 mg, about 170 mg, about 180 mg,
about 190 mg, about 200 mg, about 250 mg, about 500 mg,
or about 1000 mg.

[0072] Insome embodiments, the resmetirom, the prodrug
thereof, or the pharmaceutically acceptable salt of the res-
metirom or the resmetirom prodrug is administered to the
subject at a daily dosage of about 60£20 mg, about 60x15
mg, about 6010 mg, about 60+5 mg, about 60+4 mg, about
60+3 mg, about 60+2 mg, or about 60x1 mg (e.g., about 60
mg).

[0073] Insome embodiments, the resmetirom, the prodrug
thereof, or the pharmaceutically acceptable salt of the res-
metirom or the resmetirom prodrug is administered to the
subject at a daily dosage of about 60 mg.

[0074] Insome embodiments, the resmetirom, the prodrug
thereof, or the pharmaceutically acceptable salt of the res-
metirom or the resmetirom prodrug is administered to the
subject at a daily dosage of about 80£20 mg, about 80x15
mg, about 8010 mg, about 80+5 mg, about 80+4 mg, about
80+3 mg, about 80+2 mg, or about 80x1 mg (e.g., about 80
mg).

[0075] Insome embodiments, the resmetirom, the prodrug
thereof, or the pharmaceutically acceptable salt of the res-
metirom or the resmetirom prodrug is administered to the
subject at a daily dosage of about 80 mg.

[0076] Insome embodiments, the resmetirom, the prodrug
thereof, or the pharmaceutically acceptable salt of the res-
metirom or the resmetirom prodrug is administered to the
subject at a daily dosage of about 100£20 mg, about 100£15
mg, about 100£10 mg, about 100+5 mg, about 100x4 mg,
about 100£3 mg, about 100+2 mg, or about 100+1 mg (e.g.,
about 100 mg).

[0077] Insome embodiments, the resmetirom, the prodrug
thereof, or the pharmaceutically acceptable salt of the res-
metirom or the resmetirom prodrug is administered to the
subject at a daily dosage of about 100 mg.

[0078] Insome embodiments, the resmetirom, the prodrug
thereof, or the pharmaceutically acceptable salt of the res-
metirom or the resmetirom prodrug is administered without
any drug holiday.

[0079] Insome embodiments, the resmetirom, the prodrug
thereof, or the pharmaceutically acceptable salt of the res-
metirom or the resmetirom prodrug is administered with one
or more drug holidays.

[0080] Insome embodiments, the resmetirom, the prodrug
thereof, or the pharmaceutically acceptable salt of the res-
metirom or the resmetirom prodrug is administered for about
one week, about two weeks, about three weeks, about four
weeks, about five weeks, about six weeks, about seven
weeks, about eight weeks, about nine weeks, about 10
weeks, about 11 weeks, about 12 weeks, about 13 weeks,
about 14 weeks, about 15 weeks, about 16 weeks, about 17
weeks, about 18 weeks, about 19 weeks, about 20 weeks,
about 21 weeks, about 22 weeks, about 23 weeks, about 24
weeks, about 25 weeks, about 26 weeks, about 27 weeks,
about 28 weeks, about 29 weeks, about 30 weeks, about 31
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weeks, about 32 weeks, about 33 weeks, about 34 weeks,
about 35 weeks, about 36 weeks, about 37 weeks, about 38
weeks, about 39 weeks, about 40 weeks, about 41 weeks,
about 42 weeks, about 43 weeks, about 44 weeks, about 45
weeks, about 46 weeks, about 47 weeks, about 48 weeks,
about 49 weeks, about 50 weeks, about 51 weeks, or about
52 weeks.

[0081] Insome embodiments, the resmetirom, the prodrug
thereof, or the pharmaceutically acceptable salt of the res-
metirom or the resmetirom prodrug is administered for
longer than about 52 weeks.

Potential Results of Administrations

[0082] In some embodiments, the administration elimi-
nates, or reduces the severity of, the disease, disorder, or
condition.

[0083] In some embodiments, the administration reduces
the liver volume by at least about 5%, at least about 10%, at
least about 15%, at least about 20%, at least about 25%, at
least about 30%, at least about 35%, at least about 40%, at
least about 45%, at least about 50%, at least about 55%, or
at least about 60% (e.g., over a period of 12 weeks or 52
weeks).

[0084] In some embodiments, the administration reduces
the liver volume by at least about 5%, at least about 10%, at
least about 15%, at least about 20%, at least about 25%, at
least about 30%, at least about 35%, at least about 40%, at
least about 45%, at least about 50%, at least about 55%, or
at least about 60%, over a period of 12 weeks.

[0085] In some embodiments, the administration reduces
the liver volume by at least about 10% over a period of 12
weeks.

[0086] In some embodiments, the administration reduces
the liver volume by at least about 15% over a period of 12
weeks.

[0087] In some embodiments, the administration reduces
the liver volume by at least about 20% over a period of 12
weeks.

[0088] In some embodiments, the administration reduces
the liver volume by at least about 25% over a period of 12
weeks.

[0089] In some embodiments, the administration reduces
the liver volume by at least about 5%, at least about 10%, at
least about 15%, at least about 20%, at least about 25%, at
least about 30%, at least about 35%, at least about 40%, at
least about 45%, at least about 50%, at least about 55%, or
at least about 60%, over a period of 52 weeks.

[0090] In some embodiments, the administration reduces
the liver volume by at least about 10% over a period of 52
weeks.

[0091] In some embodiments, the administration reduces
the liver volume by at least about 15% over a period of 52
weeks.

[0092] In some embodiments, the administration reduces
the liver volume by at least about 20% over a period of 52
weeks.

[0093] In some embodiments, prior to the administration
the subject has a liver fat amount (e.g., as measured by
MRI-PDFF) being about 5% or less, and the administration
reduces the liver volume by at least about 5%, at least about
10%, at least about 15%, at least about 20%, at least about
25%, at least about 30%, at least about 35%, at least about
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40%, at least about 45%, at least about 50%, at least about
55%, or at least about 60% (e.g., over a period of 12 weeks
or 52 weeks).

[0094] In some embodiments, prior to the administration
the subject has a liver fat amount (e.g., as measured by
MRI-PDFF) being about 5% or less, and the administration
reduces the liver volume by at least about 5%, at least about
10%, at least about 15%, at least about 20%, at least about
25%, at least about 30%, at least about 35%, at least about
40%, at least about 45%, at least about 50%, at least about
55%, or at least about 60%, over a period of 12 weeks.
[0095] In some embodiments, prior to the administration
the subject has a liver fat amount (e.g., as measured by
MRI-PDFF) being about 5% or less, and the administration
reduces the liver volume by at least about 10% over a period
of 12 weeks.

[0096] In some embodiments, prior to the administration
the subject has a liver fat amount (e.g., as measured by
MRI-PDFF) being about 5% or less, and the administration
reduces the liver volume by at least about 15% over a period
of 12 weeks.

[0097] In some embodiments, prior to the administration
the subject has a liver fat amount (e.g., as measured by
MRI-PDFF) being about 5% or less, and the administration
reduces the liver volume by at least about 20% over a period
of 12 weeks.

[0098] In some embodiments, prior to the administration
the subject has a liver fat amount (e.g., as measured by
MRI-PDFF) being about 5% or less, and the administration
reduces the liver volume by at least about 25% over a period
of 12 weeks.

[0099] In some embodiments, prior to the administration
the subject has a liver fat amount (e.g., as measured by
MRI-PDFF) being about 5% or less, and the administration
reduces the liver volume by at least about 5%, at least about
10%, at least about 15%, at least about 20%, at least about
25%, at least about 30%, at least about 35%, at least about
40%, at least about 45%, at least about 50%, at least about
55%, or at least about 60%, over a period of 52 weeks.
[0100] In some embodiments, prior to the administration
the subject has a liver fat amount (e.g., as measured by
MRI-PDFF) being about 5% or less, and the administration
reduces the liver volume by at least about 10% over a period
of 52 weeks.

[0101] In some embodiments, prior to the administration
the subject has a liver fat amount (e.g., as measured by
MRI-PDFF) being about 5% or less, and the administration
reduces the liver volume by at least about 15% over a period
of 52 weeks.

[0102] In some embodiments, prior to the administration
the subject has a liver fat amount (e.g., as measured by
MRI-PDFF) being about 5% or less, and the administration
reduces the liver volume by at least about 20% over a period
of 52 weeks.

[0103] In some embodiments, the administration reduces
the liver fat amount (e.g., as measured by MRI-PDFF) by
about 60% or less, about 50% or less, about 45% or less,
about 40% or less, about 35% or less, about 30% or less,
about 25% or less, about 20% or less, about 15% or less,
about 10% or less, or about 5% or less, as compared to the
liver fat amount of the subject prior to the administration.
[0104] In some embodiments, prior to the administration
the subject has a liver fat amount (e.g., as measured by
MRI-PDFF) being about 5% or less, and the administration
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reduces the liver fat amount (e.g., as measured by MRI-
PDFF) by about 60% or less, about 50% or less, about 45%
or less, about 40% or less, about 35% or less, about 30% or
less, about 25% or less, about 20% or less, about 15% or
less, about 10% or less, or about 5% or less, as compared to
the liver fat amount of the subject prior to the administration.
[0105] In some embodiments, the administration reduces
the liver fat amount (e.g., as measured by MRI-PDFF) by
about 20% or less, about 15% or less, about 10% or less,
about 5% or less, about 4% or less, about 3% or less, about
2% or less, or about 1% or less, as compared to the liver
volume of the subject prior to the administration.

[0106] In some embodiments, prior to the administration
the subject has a liver fat amount (e.g., as measured by
MRI-PDFF) being about 5% or less; the administration
reduces the liver fat amount (e.g., as measured by MRI-
PDFF) by about 60% or less, about 50% or less, about 45%
or less, about 40% or less, about 35% or less, about 30% or
less, about 25% or less, about 20% or less, about 15% or
less, about 10% or less, or about 5% or less, as compared to
the liver fat amount of the subject prior to the administration;
and the administration reduces the liver volume by at least
about 5%, at least about 10%, at least about 15%, at least
about 20%, at least about 25%, at least about 30%, at least
about 35%, at least about 40%, at least about 45%, at least
about 50%, at least about 55%, or at least about 60% (e.g.,
over a period of 12 weeks or 52 weeks).

[0107] In some embodiments, prior to the administration
the subject has a liver fat amount (e.g., as measured by
MRI-PDFF) being about 5% or less; the administration
reduces the liver fat amount (e.g., as measured by MRI-
PDFF) by about 40% or less, as compared to the liver fat
amount of the subject prior to the administration; and the
administration reduces the liver volume by at least about
10% (e.g., over a period of 12 weeks or 52 weeks).

[0108] In some embodiments, prior to the administration
the subject has a liver fat amount (e.g., as measured by
MRI-PDFF) being about 5% or less; the administration
reduces the liver fat amount (e.g., as measured by MRI-
PDFF) by about 35% or less, as compared to the liver fat
amount of the subject prior to the administration; and the
administration reduces the liver volume by at least about
10% (e.g., over a period of 12 weeks or 52 weeks).

[0109] In some embodiments, prior to the administration
the subject has a liver fat amount (e.g., as measured by
MRI-PDFF) being about 5% or less; the administration
reduces the liver fat amount (e.g., as measured by MRI-
PDFF) by about 30% or less, as compared to the liver fat
amount of the subject prior to the administration; and the
administration reduces the liver volume by at least about
10% (e.g., over a period of 12 weeks or 52 weeks).

[0110] In some embodiments, prior to the administration
the subject has a liver fat amount (e.g., as measured by
MRI-PDFF) being about 5% or less; the administration
reduces the liver fat amount (e.g., as measured by MRI-
PDFF) by about 40% or less, as compared to the liver fat
amount of the subject prior to the administration; and the
administration reduces the liver volume by at least about
15% (e.g., over a period of 12 weeks or 52 weeks).

[0111] In some embodiments, prior to the administration
the subject has a liver fat amount (e.g., as measured by
MRI-PDFF) being about 5% or less; the administration
reduces the liver fat amount (e.g., as measured by MRI-
PDFF) by about 35% or less, as compared to the liver fat
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amount of the subject prior to the administration; and the
administration reduces the liver volume by at least about
15% (e.g., over a period of 12 weeks or 52 weeks).

[0112] In some embodiments, prior to the administration
the subject has a liver fat amount (e.g., as measured by
MRI-PDFF) being about 5% or less; the administration
reduces the liver fat amount (e.g., as measured by MRI-
PDFF) by about 30% or less, as compared to the liver fat
amount of the subject prior to the administration; and the
administration reduces the liver volume by at least about
15% (e.g., over a period of 12 weeks or 52 weeks).

[0113] In some embodiments, prior to the administration
the subject has a liver fat amount (e.g., as measured by
MRI-PDFF) being about 5% or less; the administration
reduces the liver fat amount (e.g., as measured by MRI-
PDFF) by about 40% or less, as compared to the liver fat
amount of the subject prior to the administration; and the
administration reduces the liver volume by at least about
20% (e.g., over a period of 12 weeks or 52 weeks).

[0114] In some embodiments, prior to the administration
the subject has a liver fat amount (e.g., as measured by
MRI-PDFF) being about 5% or less; the administration
reduces the liver fat amount (e.g., as measured by MRI-
PDFF) by about 35% or less, as compared to the liver fat
amount of the subject prior to the administration; and the
administration reduces the liver volume by at least about
20% (e.g., over a period of 12 weeks or 52 weeks).

[0115] In some embodiments, prior to the administration
the subject has a liver fat amount (e.g., as measured by
MRI-PDFF) being about 5% or less; the administration
reduces the liver fat amount (e.g., as measured by MRI-
PDFF) by about 30% or less, as compared to the liver fat
amount of the subject prior to the administration; and the
administration reduces the liver volume by at least about
20% (e.g., over a period of 12 weeks or 52 weeks).

[0116] In some embodiments, the liver volume reduction
is dependent from the liver fat amount (e.g., the liver fat
amount prior to the administration).

[0117] In some embodiments, the liver volume reduction
is independent from the liver fat amount (e.g., the liver fat
amount prior to the administration).

[0118] In some embodiments, the liver volume reduction
is dependent from the liver fat amount reduction.

[0119] In some embodiments, the liver volume reduction
is independent from the liver fat amount reduction.

[0120] In some embodiments, the liver volume reduction
is greater than the liver fat amount reduction.

[0121] In some embodiments, the liver volume reduction
is at least about 5% greater, at least about 10% greater, at
least about 20% greater, at least about 30% greater, at least
about 40% greater, at least about 50% greater, at least about
60% greater, at least about 70% greater, at least about 80%
greater, at least about 90% greater, at least about 100%
greater, at least about 150% greater, at least about 200%
greater, at least about 300% greater, at least about 400%
greater, at least about 500% greater, at least about 600%
greater, at least about 700% greater, at least about 800%
greater, at least about 900% greater, at least about 1000%, as
compared to the liver fat amount reduction.

[0122] In some embodiments, the administration elimi-
nates, or reduces the severity of, liver inflammation.
[0123] In some embodiments, the administration elimi-
nates, or reduces the severity of, portal hypertension.
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[0124] In some embodiments, the administration reduces
the blood pressure in the portal vein of the subject.

[0125] In some embodiments, the administration reduces
the blood pressure in the portal vein of the subject by at least
about 5%, at least about 10%, at least about 15%, at least
about 20%, at least about 25%, at least about 30%, at least
about 35%, at least about 40%, at least about 45%, at least
about 50%, at least about 55%, or at least about 60% (e.g.,
over a period of 12 weeks or 52 weeks).

[0126] In some embodiments, the administration reduces
the spleen volume of the subject.

[0127] In some embodiments, the administration reduces
the spleen volume by at least about 5%, at least about 10%,
at least about 15%, at least about 20%, at least about 25%,
at least about 30%, at least about 35%, at least about 40%,
at least about 45%, at least about 50%, at least about 55%,
or at least about 60% (e.g., over a period of 12 weeks or 52
weeks).

[0128] In some embodiments, the administration reduces
the spleen volume by at least about 10% or at least about
15% (e.g., over a period of 12 weeks or 52 weeks).
[0129] In some embodiments, the administration reduces
the spleen volume by at least about 10% or at least about
15% over a period of 12 weeks.

[0130] In some embodiments, the administration reduces
the spleen volume by at least about 10% or at least about
15% over a period of 52 weeks.

Other Aspects

[0131] Insome embodiments, the liver disease or disorder
treated by the methods of the present disclosure is fatty liver
disease.

[0132] Insome embodiments, the liver disease or disorder
treated by the methods of the present disclosure is nonal-
coholic fatty liver disease (NAFLD). Two types of NAFLD
are simple fatty liver and NASH. NAFLD refers to a wide
spectrum of liver diseases ranging from simple fatty liver
(steatosis), to NASH, to cirrhosis. All of the stages of
NAFLD have in common the accumulation of fat in the
hepatocytes. NASH is a form of NAFLD in which the
subject also has hepatitis. More specifically in NASH, the fat
accumulation is associated with varying degrees of inflam-
mation (hepatitis) and scarring (fibrosis) of the liver.
NAFLD and NASH occur in individuals who do not con-
sume excessive amounts of alcohol. Yet, in many respects,
the histological picture of an NAFLD biopsy is similar to
what can be seen in liver disease caused by alcohol abuse.
NAFLD and NASH are considered the primary fatty liver
diseases. The secondary fatty liver diseases include those
that occur in other types of liver disease. Thus, alcoholic
liver disease (ALD) is the most frequent secondary fatty
liver disease. Secondary fatty liver can also occur in chronic
viral hepatitis C (HCV), chronic viral hepatitis B (HBV),
chronic autoimmune hepatitis (AIH), and Wilson’s disease.
[0133] Insome embodiments, the liver disease or disorder
treated by the methods of the present disclosure is NASH.
[0134] In some embodiments, the lipid disease or disorder
treated by the methods of the present disclosure is dyslipi-
demia, hyperlipidemia, hypertriglyceridemia, hypercholes-
terolemia, low HDL, or high LDL. In some embodiments,
the hypercholesterolemia is heterozygous familial hypercho-
lesterolemia (HeFH) or homozygous familial hypercholes-
terolemia (HoFH).

[0135] In some embodiments, the subject is a mammal.
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[0136] In some embodiments, the subject is a human.
[0137] Resmetirom, a prodrug thereof, or a pharmaceuti-
cally acceptable salt of the resmetirom or the resmetirom
prodrug can be formulated into a pharmaceutical composi-
tion for administration. The pharmaceutical composition can
further comprise a pharmaceutically acceptable carriers or
excipient.

[0138] The pharmaceutical composition can be in a form
suitable for oral use (for example as tablets, lozenges, hard
or soft capsules, aqueous or oily suspensions, emulsions,
dispersible powders or granules, syrups or elixirs), for
topical use (for example as creams, ointments, gels, or
aqueous or oily solutions or suspensions), for administration
by inhalation (for example as a finely divided powder or a
liquid aerosol), for administration by insufflation (for
example as a finely divided powder) or for parenteral
administration (for example as a sterile aqueous or oily
solution for intravenous, subcutaneous, intramuscular, intra-
peritoneal or intramuscular dosing or as a suppository for
rectal dosing).

[0139] In some embodiments, the pharmaceutical compo-
sition is formulated in a gel.

[0140] In some embodiments, the pharmaceutical compo-
sition is formulated in a tablet.

[0141] In some embodiments, the pharmaceutical compo-
sition is formulated in a pill.

[0142] In some embodiments, the pharmaceutical compo-
sition is formulated in a capsule.

[0143] In some embodiments, the pharmaceutical compo-
sition is formulated in a solution.

Exemplary Embodiments

[0144] Exemplary Embodiment No. 1. A method of reduc-
ing liver volume in a cirrhotic or non-cirrhotic subject with
non-alcoholic steatohepatitis (NASH), the method compris-
ing administering to the subject a therapeutically effective
amount of resmetirom.

[0145] Exemplary Embodiment No. 2. The method of
Exemplary Embodiment 1, wherein the subject is non-
cirrhotic.

[0146] Exemplary Embodiment No. 3. The method of
Exemplary Embodiment 1, wherein the subject is cirrhotic.
[0147] Exemplary Embodiment No. 4. The method of any
one of the preceding Exemplary Embodiments, wherein the
liver volume is reduced by at least about 10% within a
treatment period of 12 weeks.

[0148] Exemplary Embodiment No. 5. The method of any
one of the preceding Exemplary Embodiments, wherein the
liver volume is reduced by at least about 15% within a
treatment period of 12 weeks.

[0149] Exemplary Embodiment No. 6. The method of any
one of the preceding Exemplary Embodiments, wherein the
therapeutically effective amount of resmetirom is about 5 to
300 mg.

[0150] Exemplary Embodiment No. 7. The method of any
one of Exemplary Embodiments 1-6, wherein the therapeu-
tically effective amount of resmetirom is about 60 mg.
[0151] Exemplary Embodiment No. 8. The method of any
one of Exemplary Embodiments 1-6, wherein the therapeu-
tically effective amount of resmetirom is about 80 mg.
[0152] Exemplary Embodiment No. 9. The method of any
one of Exemplary Embodiments 1-6, wherein the therapeu-
tically effective amount of resmetirom is about 100 mg.
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[0153] Exemplary Embodiment No. 10. The method of
any one of the preceding Exemplary Embodiments, wherein
resmetirom is administered daily.

[0154] Exemplary Embodiment No. 11. The method of
any one of the preceding Exemplary Embodiments, wherein
resmetirom is administered once daily.

[0155] Exemplary Embodiment No. 12. The method of
any one of the preceding Exemplary Embodiments, wherein
the subject has an amount of liver fat characterized by no
more than 5% PDFF.

[0156] Exemplary Embodiment No. 13. A method of treat-
ing NASH in a cirrhotic subject in need thereof, the method
comprising administering to the subject a therapeutically
effective amount of resmetirom.

[0157] Exemplary Embodiment No. 14. The method of
Exemplary Embodiment 13, wherein the therapeutically
effective amount of resmetirom is about 5 to 300 mg.
[0158] Exemplary Embodiment No. 15. The method of
Exemplary Embodiment 13, wherein the therapeutically
effective amount of resmetirom is about 60 mg.

[0159] Exemplary Embodiment No. 16. The method of
Exemplary Embodiment 13, wherein the therapeutically
effective amount of resmetirom is about 80 mg.

[0160] Exemplary Embodiment No. 17. The method of
Exemplary Embodiment 13, wherein the therapeutically
effective amount of resmetirom is about 100 mg.

[0161] Exemplary Embodiment No. 18. The method of
Exemplary Embodiment 13, wherein resmetirom is admin-
istered daily.

[0162] Exemplary Embodiment No. 19. The method of
Exemplary Embodiment 13, wherein resmetirom is admin-
istered once daily.

[0163] Exemplary Embodiment No. 20. The method of
any one of Exemplary Embodiments 13-19, wherein the
subject has an amount of liver fat characterized by no more
than 5% PDFF.

Definitions

[0164] Unless otherwise defined, all technical and scien-
tific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this
disclosure belongs. The terminology used in the description
is intended to describe particular embodiments only, and is
not intended to limit the scope of the invention.

[0165] Where a range of values is provided, it is under-
stood that the range includes both of the endpoints with that
range, as well as all intervening values.

[0166] The articles “a” and “an” as used herein and in the
appended claims are used herein to refer to one or to more
than one (i.e., to at least one) of the grammatical object of
the article unless the context clearly indicates otherwise. By
way of example, “an ultrapure form” means one ultrapure
form or more than one ultrapure form.

[0167] The phrase “and/or,” as used herein in the speci-
fication and in the claims, should be understood to mean
“either or both”. Other elements may optionally be present
other than the elements specifically identified by the “and/
or” clause. Thus, as a non-limiting example, a reference to
“A and/or B”, when used in conjunction with open-ended
language such as “comprising” can refer, in one embodi-
ment, to A only (optionally including elements other than B);
in another embodiment, to B only (optionally including
elements other than A); in yet another embodiment, to both
A and B (optionally including other elements).
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[0168] Unless explicitly indicated otherwise, the terms
“approximately” and “about” are synonymous. In some
embodiments, “approximately” and “about” refer to the
recited amount, value, dose or duration +10%, £8%, +6%,
+5%, £4%, £2%, +1%, or £0.5%. In some embodiments,
“approximately” and “about” refer to the listed amount,
value, dose, or duration *5%. In some embodiments,
“approximately” and “about” refer to the listed amount,
value, dose, or duration *2%. In some embodiments,
“approximately” and “about” refer to the listed amount,
value, dose, or duration =1%.

[0169] As used herein in the specification and in the
claims, “or” should be understood to have the same meaning
as “and/or” as defined above. For example, when separating
items in a list, “or” or “and/or” shall be interpreted as being
inclusive, i.e., the inclusion of at least one, but also including
more than one, of a number or list of elements, and,
optionally, additional unlisted items. Only terms clearly
indicated to the contrary, such as “only one of” or “exactly
one of,” or, when used in the claims, “consisting of,” will
refer to the inclusion of exactly one element of a number or
list of elements. In general, the term “or” as used herein shall
only be interpreted as indicating exclusive alternatives (i.e.,
“one or the other but not both”) when preceded by terms of
exclusivity, such as “either,” “one of,” “only one of,” or
“exactly one of.”

[0170] As used herein, the term “MRI-PDFF” describes
proton-density-fat-fraction determined by a magnetic reso-
nance imaging (MRI)-based determination. MRI-PDFF is an
MRI-based diagnostic imaging biomarker of the liver, devel-
oped in order to facilitate, by enriching, patient recruitment
for clinical trials in NASH. MRI-PDFF is a measure to
assess liver fat content and is proposed to be used as
non-invasive method to limit unnecessary liver biopsies by
avoiding biopsies in those patients with a low likelihood of
fatty liver. It is intended to be used as a pre-screening
strategy in an adult population having clinical signs or risk
factors suggesting non-alcoholic fatty liver disease
(NAFLD). MRI-PDFF is an accurate quantitative imaging
biomarker with high repeatability and reproducibility and
has provided results from test and validation datasets with
MRI-PDFF compared to liver histology to show optimal
MRI-PDFF cut-offs in order to reduce the number of unnec-
essary biopsies prior to enrolment in clinical trials and
identify candidates who are most likely to meet the criteria
for enrolment in NASH clinical trials.

[0171] As used herein, the term “portal hypertension”,
refers to an increase in the pressure within the portal vein
(the vein that carries blood from the digestive organs (large
and small intestines, stomach, pancreas, spleen) to the liver).
The increase in pressure is caused by a blockage in the blood
flow through the liver.

[0172] As used herein, the term “cirrhosis”, refers to a late
stage of scarring (fibrosis) of the liver caused by many forms
of liver diseases and conditions, such as hepatitis and
chronic alcoholism. The liver fat of a cirrhosis subject (e.g.,
as measured by MRI-PDFF) is no more than 5%.

[0173] As used herein, the term “preventing” or “prevent”
describes reducing or eliminating the onset of the symptoms
or complications of such disease, condition or disorder.
[0174] As used herein, the term “pharmaceutically accept-
able” refers to those compounds, anions, cations, materials,
compositions, carriers, and/or dosage forms which are,
within the scope of sound medical judgment, suitable for use
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in contact with the tissues of human beings and animals
without excessive toxicity, irritation, allergic response, or
other problem or complication, commensurate with a rea-
sonable benefit/risk ratio.

[0175] As used herein, the term “dosage” or “daily dos-
age” refers to the weight of the resmetirom, the prodrug
thereof, or the pharmaceutically acceptable salt of the res-
metirom or the resmetirom prodrug.

[0176] As used herein, the term “pharmaceutically accept-
able excipient” means an excipient that is useful in preparing
a formulation that is generally safe, non-toxic and neither
biologically nor otherwise undesirable, and includes excipi-
ent that is acceptable for veterinary use as well as human
pharmaceutical use. A “pharmaceutically acceptable excipi-
ent” as used in the specification and claims includes both one
and more than one such excipient.

[0177] As used herein, the term “subject” includes human
and non-human mammal, as well as cell lines, cell culture,
tissues, and organs. In some embodiments, the subject is a
mammal. The mammal can be e.g., a human or appropriate
non-human mammal, such as primate, mouse, rat, dog, cat,
cow, horse, goat, camel, sheep or a pig. In some embodi-
ments, the subject is a human.

[0178] As used herein, the term “subject in need thereof”,
refers to a subject having a disease (to be treated) or having
an increased risk of developing the disease (to be prevented).
A subject in need thereof can be one who has been previ-
ously diagnosed or identified as having a disease or disorder
disclosed herein. A subject in need thereof can also be one
who has (e.g., is suffering from a disease or disorder
disclosed herein. Alternatively, a subject in need thereof can
be one who has an increased risk of developing such discase
or disorder relative to the population at large (i.e., a subject
who is predisposed to developing such disorder relative to
the population at large). A subject in need thereof can have
a refractory or resistant a disease or disorder disclosed
herein (i.e., a disease or disorder disclosed herein that
doesn’t respond or hasn’t yet responded to treatment). The
subject may be resistant at start of treatment or may become
resistant during treatment. In some embodiments, the subject
in need thereof received and failed all known effective
therapies for a disease or disorder disclosed herein. In some
embodiments, the subject in need thereof received at least
one prior therapy.

[0179] It is to be understood that resmetirom, a prodrug
thereof, or a pharmaceutically acceptable salt of the resme-
tirom or the resmetirom prodrug may be depicted as different
tautomers. It should also be understood that when com-
pounds have tautomeric forms, all tautomeric forms are
intended to be included in the scope of the present disclo-
sure, and the naming of the compounds does not exclude any
tautomer form. It will be understood that certain tautomers
may have a higher level of activity than others.

[0180] As used herein, the term “treating” or “treat”
describes the management and care of a patient for the
purpose of combating a disease, condition, or disorder and
includes the administration of a compound of the present
disclosure, or a pharmaceutically acceptable salt, polymorph
or solvate thereof, to alleviate the symptoms or complica-
tions of a disease, condition or disorder, or to eliminate the
disease, condition or disorder. The term “‘treat” can also
include treatment of a cell in vitro or an animal model.
[0181] As used herein, the term “salt” or “pharmaceuti-
cally acceptable salt” refers to a derivative of the compounds
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of the present disclosure wherein the parent compound is
modified by making acid or base salts thereof. Examples of
pharmaceutically acceptable salts include, but are not lim-
ited to, mineral or organic acid salts of basic residues such
as amines, alkali or organic salts of acidic residues such as
carboxylic acids, and the like. The pharmaceutically accept-
able salts include the conventional non-toxic salts or the
quaternary ammonium salts of the parent compound formed,
for example, from non-toxic inorganic or organic acids. For
example, such conventional non-toxic salts include, but are
not limited to, those derived from inorganic and organic
acids selected from 2-acetoxybenzoic, 2-hydroxyethane
sulfonic, acetic, ascorbic, benzene sulfonic, benzoic, bicar-
bonic, carbonic, citric, edetic, ethane disulfonic, 1,2-ethane
sulfonic, fumaric, glucoheptonic, gluconic, glutamic, gly-
colic, glycollyarsanilic, hexylresorcinic, hydrabamic, hyd-
robromic, hydrochloric, hydroiodic, hydroxymaleic,
hydroxynaphthoic, isethionic, lactic, lactobionic, lauryl
sulfonic, maleic, malic, mandelic, methane sulfonic, nap-
sylic, nitric, oxalic, pamoic, pantothenic, phenylacetic,
phosphoric, polygalacturonic, propionic, salicylic, stearic,
subacetic, succinic, sulfamic, sulfanilic, sulfuric, tannic,
tartaric, toluene sulfonic, and the commonly occurring
amine acids, e.g., glycine, alanine, phenylalanine, arginine,
etc. Other examples of pharmaceutically acceptable salts
include hexanoic acid, cyclopentane propionic acid, pyruvic
acid, malonic acid, 3-(4-hydroxybenzoyl)benzoic acid, cin-
namic acid, 4-chlorobenzenesulfonic acid, 2-naphthalene-
sulfonic acid, 4-toluenesulfonic acid, camphorsulfonic acid,
4-methylbicyclo-[2.2.2]-oct-2-ene-1-carboxylic acid, 3-phe-
nylpropionic acid, trimethylacetic acid, tertiary butylacetic
acid, muconic acid, and the like. The present disclosure also
encompasses salts formed when an acidic proton present in
the parent compound either is replaced by a metal ion, e.g.,
an alkali metal ion, an alkaline earth ion, or an aluminum
ion; or coordinates with an organic base such as etha-
nolamine, diethanolamine, triethanolamine, tromethamine,
N-methylglucamine, and the like. In the salt form, it is
understood that the ratio of the compound to the cation or
anion of the salt can be 1:1, or any ratio other than 1:1, e.g.,
3:1, 2:1, 1:2, or 1:3. It is to be understood that all references
to pharmaceutically acceptable salts include solvent addition
forms (solvates) or crystal forms (polymorphs) as defined
herein, of the same salt.

[0182] As used herein, “MGL-3196” is equivalent to
“resmetirom,” which is equivalent to 2-(3,5-dichloro-4-((5-
isopropyl-6-oxo-1,6-dihydropyridazin-3-yl)oxy)phenyl)-3,
5-diox0-2,3.,4,5-tetrahydro-1,2,4-triazine-6-carbonitrile

Cl

or any of its pharmaceutically acceptable salts or solid
forms, such as those disclosed in U.S. Pat. No. 9,266,861
and U.S. application Ser. No. 17/257,070, the contents of
each of which are incorporated herein by reference.
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[0183] All percentages and ratios used herein, unless oth-
erwise indicated, are by weight. Other features and advan-
tages of the present disclosure are apparent from the differ-
ent examples. The provided examples illustrate different
components and methodology useful in practicing the pres-
ent disclosure. The examples do not limit the claimed
disclosure. Based on the present disclosure the skilled arti-
san can identify and employ other components and meth-
odology useful for practicing the present disclosure.
[0184] All publications and patent documents cited herein
are incorporated herein by reference as if each such publi-
cation or document was specifically and individually indi-
cated to be incorporated herein by reference. Citation of
publications and patent documents is not intended as an
admission that any is pertinent prior art, nor does it consti-
tute any admission as to the contents or date of the same. The
invention having now been described by way of written
description, those of skill in the art will recognize that the
invention can be practiced in a variety of embodiments and
that the foregoing description and examples below are for
purposes of illustration and not limitation of the claims that
follow.

EXAMPLES

Example 1. Liver Volume Reduction in
Resmetirom-Treated Non-Cirrhotic and Cirrhotic
NASH Patients

[0185] Hepatomegaly may cause symptoms (e.g., pain) in
NASH patients, and is thought to be driven primarily by
high liver fat content. Resmetirom (MGL-3196) is a liver-
directed, orally active, highly selective THR-f agonist in
Phase 3 development for the treatment of NASH with
significant (stage 2-3) fibrosis. In a 36-week Phase 2 serial
MRI-PDFF and liver biopsy study in adults with biopsy-
confirmed NASH (NAS=z4, F1-F3) and hepatic fat fraction
>10%, resmetirom treated patients, compared with placebo,
showed statistically significant liver fat reduction that was
associated with NASH resolution on liver biopsy. The
purpose of this study was to assess the relationship between
liver triglycerides as measured by MRI-PDFF and liver
volume (LV) in placebo and resmetirom-treated patients.
[0186] MRI-PDFF and liver volume (LV) were assessed
in, (n=117), and a NASH-cirrhotic active resmetirom treat-
ment arm of MAESTRO-NAFLD-1 (n=73), in patients who
had at least baseline and one additional serial PDFF. LV was
assessed using a validated artificial intelligence model for
segmenting the liver on standard MR images.

[0187] LV at baseline was elevated in non-cirrhotic and
cirrhotic NASH patients relative to literature values for
healthy controls and was greater than predicted even after
accounting for sex and body weight. PDFF correlated with
LV at baseline in non-cirrhotic (r2=0.19, p<0.001) and more
weakly in cirthotic NASH (r2=0.079, p=0.01). Reduction in
LV (CFB) correlated with reduction in PDFF in placebo
(r2=0.25, p=0.001) and resmetirom (r2=0.38, p<0.0001)
treated patients at 12 (and 36 (not shown)) weeks (see, e.g.,
FIG. 1). LV reduction was greater in resmetirom (-18.6%
(1.1), =20.5%(1.2) compared to placebo (-0.4%(1.5), 0.1%
(1.9) treated at 12 and 36 weeks, respectively (p<0.0001). A
higher percentage of resmetirom (69.2%) than placebo
(5.3%) patients had a >15% reduction in liver volume
(p<0.0001) at Week 12, and similarly at Week 36. The
relationship between LV reduction and PDFF reduction was
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proportionately weaker in placebo compared to resmetirom
treated non-cirrthotic NASH patients. In cirrhotic NASH
patients treated with resmetirom (see FIG. 1), LV reduction
was much greater than expected based on the small reduc-
tion in PDFF, especially in patients with PDFF<5% at
baseline (LV mean % CFB, -16.3% versus PDFF, mean %
CFB, -2.5% at week 16). Resmetirom treated patients who
had NASH resolution and/or fibrosis reduction on biopsy at
week 36 all had a PDFF reduction >30% and/or LV reduc-
tion of >15% at week 12.

[0188] Without wishing to be bound by theory, reduction
in liver volume in resmetirom treated patients may be
explained in part by reduction in liver triglycerides (mea-
sured by MRI-PDFF), but it also may be driven by other
changes related to its mechanism of action. LV reduction
may be associated with histopathologic improvement of
NASH that may be further assessed by data from Phase 3
MAESTRO-NASH study.

Example 2. Biomarkers, Imaging and Safety in
Resmetirom 52 Week Non-Cirrhotic NASH Phase
3 Clinical Trial, Completed Open-Label Arm of
MAESTRO-NAFLD-1

[0189] MAESTRO-NASH NCT03900429 and MAE-
STRO-NAFLD-1 NCT04197479 are 52 week Phase 3 reg-
istrational double blind placebo controlled clinical trials to
study the effect of resmetirom in more than 2,000 NASH
patients. A goal of MAESTRO-NAFLD-1, a 1,200 patient
“real life” NASH study is to identify non-invasive markers
that correlate with patient response to resmetirom treatment.
The 169 patient, 100 mg open label (OL) arm completed the
52 week study in July 2021.

[0190] Eligibility required at least 3 metabolic risk factors
(Metabolic syndrome), fibroscan kilopascals (kPa) consis-
tent with =F1 fibrosis stage, and MRI-PDFF=8%. The
primary and key secondary endpoints of MAESTRO-
NAFLD-1 including safety, relative percent reduction of
MRI-PDFF (week 16), LDL cholesterol (LDL-C) (week 24),
apolipoprotein B and triglycerides, fibroscan and 52 week
endpoints were analyzed in the OL arm.

[0191] Mean age was 55.7 (11.5 (SD)), female 69%, BMI
35.8 (6.0), diabetes 43%, hypertension 62%, dyslipidemia
>70%, ASCVD score 11.5%; fibroscan (kPa 7.7 (3.6)), and
MRI-PDFF 17% (7%). Statistically significant (p<0.0001)
reduction of MRI-PDFF -53% (3.3% (SE)) overall, and in
several subgroups were observed at week 52 (see, e.g., FIG.
2). Liver volume (LV) was elevated at baseline (2202 cm®
(535)) by -50% relative to normal controls and -15% after
correction for BMI (Euro J of Radiol 106, 2018, 32-37).
Resmetirom reduced LV -21% (1.0% a), -23% (1.0%)
respectively, at weeks 16 and 52 (p<0.0001), in all demo-
graphic groups (see, e.g., FIG. 3). LV reduction was 2-3 fold
greater than predicted by % reduction in MRI-PDFF, a
measure of liver fat content (Clin Gastroenterol Hepatol.
2015 13: 561-568); LV-corrected mean MRI-PDFF reduc-
tion was -63% (2.4%). Weight loss >5% occurred in -25%
and was linked to resmetirom exposure (SHBG). At week
52, MRE (-0.34, p=0.03); fibroscan CAP (-39 (4.6)) and
VCTE (-1.87; =20%) (p<0.0001) were reduced relative to
baseline. LDL-C(-22% (1.9%), apolipoprotein-B (-24%
(1.6%)), triglycerides (-24% (2.6) were statistically reduced
(p<0.0001). Decreases from baseline in liver enzymes were
ALT-20 IU, AST-11 IU, GGT-25 U (p<0.0001). Significant
reductions in inflammatory and fibrosis biomarkers, reverse
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T3, ELF, and M30, and an increase in adiponectin were
observed. No safety flags were identified; Blood pressure
(systolic, diastolic) was reduced by -2 mmHg, (p=0.0%);
bone mineral density (DEXA) was unchanged at 52 weeks.
[0192] In this 52 week Phase 3 OL study, noninvasively
identified NASH patients treated with 100 mg per day of
resmetirom for up to 52 weeks demonstrated rapid and
sustained reduction in (1) hepatic fat and liver volume; (2)
fibrosis as assessed by biomarkers, MRE, and fibroscan; (3)
LDL and atherogenic lipids; and (4) liver enzymes inflam-
matory biomarkers, providing support for the use of non-
invasive tests to monitor individual NASH patient response
to resmetirom treatment.

Example 3. Biomarkers, Imaging and Safety in a
Well-Compensated NASH Cirrhotic Cohort Treated
with Resmetirom, a Thyroid Hormone Receptor
Beta Agonist, for 52 Weeks

[0193] MAESTRO-NAFLD-1 is a 52-week >1200 patient
Phase 3 randomized double blind placebo controlled NASH
clinical trial to study safety and biomarker effects of resme-
tirom, a selective thyroid hormone receptor beta agonist, in
NASH patients with F1-F4 fibrosis identified using non-
invasive biomarkers and imaging (NCT04197479). A goal
of this “real life” NASH study is to identify non-invasive
markers that correlate with individual patient response to
resmetirom treatment. The study includes an open label
active resmetirom treatment arm in well-compensated
NASH cirrhotic patients.

[0194] Eligibility required at least 3 metabolic risk factors
(metabolic syndrome), and NASH cirrhosis diagnosed on
liver biopsy or according to accepted criteria. The primary
and key secondary end points of the cirrhotic arm include
safety, relative percent reduction of MRI-PDFF (week 16),
LDL cholesterol (LDL-C) (week 24), Apolipoprotein B and
triglycerides, and markers of fibrosis. Patients received
80-100 mg daily dose of resmetirom for 52 weeks.

[0195] 105 well-compensated NASH cirrhotic patients
were enrolled in the open label arm, 2/3 confirmed by liver
biopsy. Demographics include mean age 62.7 (9.0 (SD)),
female 64%, BMI 35.4 (7.4), diabetes 70%, hypertension
77%, dyslipidemia >70%, mean ASCVD score 16.1%,
hypothyroid 32.4%, 51% on statins. MRE kPa, 5.7 (2.1);
fibroscan kPa, 24.6 (14.9), CAP, 318 (59) and mean MRI-
PDFF, 8.1% (5). Stage of cirrhosis was inversely correlated
with baseline PDFF. At week 52 resmetirom lowered fibro-
scan CAP (-42 units (p<0.0001) and kPa (-7.6 kPa, p=0.
02).

[0196] In patients with baseline PDFF >5% (5%=UL
normal), resmetirom lowered PDFF by 37% (p<0.0057).
Resmetirom lowered MRE by 0.68 kPa at week 52, and 34%
had an MRE reduction of =15%. GGT, -27%, p=0.04 and
ALP -18%, p=0.04 were reduced. Liver volume (LV),
which was elevated in NASH cirrhosis patients at baseline,
was reduced -15.9% (7.7%) at week 16 (p<0.0001) inde-
pendent of baseline PDFF. 73% of patients, independent of
baseline cirrhosis severity, had =15% reduction in LV at
week 52 (see, e.g., FIG. 4). Reduction in PDFF was related
to LV reduction only in patients with BL PDFF =5%. Spleen
volume (SV) changes were more variable than PDFF and LV
reductions and were thus evaluated as a responder analysis
(based on percentage of patients with =10% reduction or
=10% increase in SV). Exposure to resmetirom was strongly
correlated with LV and SV changes.
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[0197] LV reduction was correlated with reduction in
MRE, MRI-PDFF, TIMP, P3NP, and the SHBG responses to
resmetirom (see, e.g., Table 1). Resmetirom reduced L.DL-
C(20%), triglycerides (21%), ApoB (20% a), Lp (a) (30%),
independent of cirrhosis stage. BP was reduced by 4-5 mm.
Resmetirom was safe and well-tolerated.

TABLE 1
Pearson Spearman
CFB in: % CFB LV CFB LV CFB LV  p value
TIMP 0.500 0.350 0.369 0.007
P3NP 0.351 0.294 0.238 0.086
MRI-PDFF (w 16) 0.331 0.438 0.371 0.006
MRE (w 16) 0.327 0.273 0.347 0.014
AST (w 52) 0.197 0.254 0.191 0.170
SHBG -0.282 -0.274 -0.344 0.012

CFB, change from baseline; LV, liver volume; TIMP, tissue inhibitor metalloproteinase;
P3NP, amino terminal procollagen peptide; w, week.

[0198] Resmetirom treatment of patients with NASH cir-
rhosis for up to 52 weeks was safe and effective at lowering
markers of CV risk and NASH fibrosis.

EQUIVALENTS

[0199] The invention can be embodied in other specific
forms without departing from the spirit or essential charac-
teristics thereof. The foregoing embodiments are therefore
to be considered in all respects illustrative rather than
limiting on the invention described herein. Scope of the
invention is thus indicated by the appended claims rather
than by the foregoing description, and all changes that come
within the meaning and range of equivalency of the claims
are intended to be embraced therein.

1. A method of reducing liver volume in a subject, the
method comprising administering to the subject resmetirom:

Cl

Z SN cl
@) N/KO
H

a prodrug thereof, or a pharmaceutically acceptable salt

thereof.

2. (canceled)

3. (canceled)

4. A method of treating or preventing a disease, disorder,
or condition in a subject, comprising administering to the
subject resmetirom, a prodrug thereof, or a pharmaceutically
acceptable salt thereof.

5. (canceled)

6. (canceled)

7. The method of claim 4, wherein the disease, disorder,
or condition is NASH.

8. The method of claim 4, wherein any the disease,
disorder, or condition is cirrhotic NASH.

9. The method of claim 4, wherein the disease, disorder,
or condition is liver inflammation.
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10. The method of claim 4, wherein the disease, disorder,
or condition is associated with an increased liver volume.

11. The method of claim 4, wherein the disease, disorder,
or condition is portal hypertension.

12. The method of claim 1, wherein the subject has a liver
volume being at least about 5% greater, at least about 10%
greater, at least about 20% greater, at least about 30%
greater, at least about 40% greater, at least about 50%
greater, at least about 60% greater, at least about 70%
greater, at least about 80% greater, at least about 90%
greater, at least about 100% greater, at least about 150%
greater, or at least about 200% greater, as compared to a
comparable subject without a disease, disorder, or condition.

13. The method of claim 1, wherein the subject has a liver
fat amount being about 50% or less, about 40% or less, about
30% or less, about 25% or less, about 20% or less, about
15% or less, about 10% or less, about 5% or less, about 4%
or less, about 3% or less, about 2% or less, or about 1% or
less.

14. The method of claim 1, wherein the administration
reduces the liver volume by at least about 5%, at least about
10%, at least about 15%, at least about 20%, at least about
25%, at least about 30%, at least about 35%, at least about
40%, at least about 45%, at least about 50%, at least about
55%, or at least about 60%.

15. The method of claim 1, wherein the administration
reduces a liver fat amount by about 20% or less, about 15%
or less, about 10% or less, about 5% or less, about 4% or
less, about 3% or less, about 2% or less, or about 1% or less,
as compared to the liver volume of the subject prior to the
administration.

16. The method of claim 1, wherein the liver volume
reduction is greater than a liver fat amount reduction.

17. The method of claim 1, wherein the liver volume
reduction is at least about 5% greater, at least about 10%
greater, at least about 20% greater, at least about 30%
greater, at least about 40% greater, at least about 50%
greater, at least about 60% greater, at least about 70%
greater, at least about 80% greater, at least about 90%
greater, at least about 100% greater, at least about 150%
greater, at least about 200% greater, at least about 300%
greater, at least about 400% greater, at least about 500%
greater, at least about 600% greater, at least about 700%
greater, at least about 800% greater, at least about 900%
greater, at least about 1000%, as compared to a liver fat
amount reduction.

18. The method of claim 4, wherein the administration
eliminates, or reduces the severity of, the disease, disorder,
or condition.

19. The method of claim 4, wherein the administration
eliminates, or reduces the severity of, liver inflammation.

20. The method, of claim 4, wherein the administration
eliminates, or reduces the severity of, portal hypertension.

21. The method, of claim 4, wherein the administration
reduces the spleen volume of the subject.

22. The method of claim 21, wherein the administration
reduces the spleen volume by at least about 5%, at least
about 10%, at least about 15%, at least about 20%, at least
about 25%, at least about 30%, at least about 35%, at least
about 40%, at least about 45%, at least about 50%, at least
about 55%, or at least about 60%.

23. The method of claim 1, wherein the resmetirom, the
prodrug thereof, or the pharmaceutically acceptable salt
thereof is administered to the subject at a daily dosage of
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about 5 mg, about 10 mg, about 15 mg, about 20 mg, about
25 mg, about 30 mg, about 35 mg, about 40 mg, about 45
mg, about 50 mg, about 60 mg, about 70 mg, about 80 mg,
about 90 mg, about 100 mg, about 110 mg, about 120 mg,
about 130 mg, about 140 mg, about 150 mg, about 160 mg,
about 170 mg, about 180 mg, about 190 mg, about 200 mg,
about 250 mg, about 500 mg, or about 1000 mg.

24. The method of claim 4, wherein the resmetirom, the
prodrug thereof, or the pharmaceutically acceptable salt
thereof is administered to the subject at a daily dosage of
about 5 mg, about 10 mg, about 15 mg, about 20 mg, about
25 mg, about 30 mg, about 35 mg, about 40 mg, about 45
mg, about 50 mg, about 60 mg, about 70 mg, about 80 mg,
about 90 mg, about 100 mg, about 110 mg, about 120 mg,
about 130 mg, about 140 mg, about 150 mg, about 160 mg,
about 170 mg, about 180 mg, about 190 mg, about 200 mg,
about 250 mg, about 500 mg, or about 1000 mg.
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